Abstract: Under physiological conditions, microglia are unique immune cells resident in the brain that is isolated from the systemic immune system by brain-blood barrier. Following status epilepticus (SE, a prolonged seizure activity), microglia are rapidly activated and blood-derived monocytes that infiltrate the brain; therefore, the regulations of microglia activation and monocyte infiltration are one of the primary therapeutic strategies for inhibition of undesirable consequences from SE. Roscovitine, a potent (but not selective) cyclin-dependent kinase 5 (CDK5) inhibitor, has been found to exert anti-inflammatory and microglia-inhibiting actions in several in vivo models, although the underlying mechanisms have not been clarified. In the present study, roscovitine attenuated SE-induces monocyte infiltration without vasogenic edema formation in the frontoparietal cortex (FPC), accompanied by reducing expressions of monocyte chemotactic protein-1 (MCP-1) and lysosome-associated membrane protein 1 (LAMP1) in resident microglia, while it did not affect microglia transformation to amoeboid form. Furthermore, roscovitine ameliorated the up-regulation of p38 mitogen-activated protein kinase (p38 MAPK) phosphorylation, but not nuclear factor-κB-S276 phosphorylation. Similar to roscovitine, SB202190, a p38 MAPK inhibitor, mitigated monocyte infiltration and microglial expressions of MCP-1 and LAMP1 in the FPC following SE. Therefore, these findings suggest for the first time that roscovitine may inhibit SE-induced neuroinflammation via regulating p38 MAPK-mediated microglial responses.
Introduction
Under physiological conditions, microglia are unique immune cells resident in the brain that is isolated from the systemic immune system by a brain-blood barrier. Under pathological conditions, microglia are rapidly activated, and increase synthesis and release of various cytokines and chemokines in the brain [1] [2] [3] [4] [5] . Therefore, microglia activation is one of the common and early hallmarks of neurological diseases. Status epilepticus (SE) is defined as continuous unremitting seizure activity longer than 5 min, which is a medical emergency with significant mortality and one of the epileptogenic insults [6] . SE results in specific patterns of neuron loss and astroglial/microglial responses in various brain regions. In particular, SE-induced microglia activation accelerates vasogenic edema and neuronal death [7, 8] . Furthermore, SE leads to blood-derived leukocyte infiltration in brain parenchyma. Briefly, neutrophils transiently invade brain parenchyma during the acute phase of SE, disappearing thereafter. Later, monocytes infiltrate and persist during the epileptogenic period [7, 9] . Therefore, the regulations
Materials and Methods

Experimental Animals and Chemicals
The present study was carried out on adult male Sprague-Dawley (SD) rats (7 weeks old). Animals were housed in a controlled room temperature (22 ± 2 • C), humidity (55 ± 5%) and a light-dark cycle on a 12-h on-off cycle. Food and water were available ad libitum throughout the experiments. All experimental protocols described below were approved by the Institutional Animal Care and Use Committee (Hallym 2018-2, April, 2018) of Hallym University (Chuncheon, Korea). Every effort was made to reduce the number of animals employed and to minimize animal discomfort. All reagents were obtained from Sigma-Aldrich (St. Louis, MO, USA), except as noted.
Surgery and Drug Infusion
Roscovitine penetrates the brain-blood barrier (BBB), but is rapidly eliminated from brains in adult rats (<30 min) [15, 16] . Thus, it is likely that the half-life of roscovitine concentration in the brain would be too short to maintain its pharmacological actions. In addition, it could not be excluded that systemic roscovitine treatment would affect peripheral (blood) monocytes, which would influence monocyte infiltration in the brain following SE. Therefore, we have chosen brain infusion of roscovitine rather than its systemic administration in order to maintain roscovitine concentration in the brain and to avoid its peripheral effects. Surgery for drug infusion was performed as previously described [17] [18] [19] . Briefly, rats were anesthetized with Isoflurane anesthesia (3% induction, 1.5-2% for surgery and 1.5% maintenance in a 65:35 mixture of N 2 O:O 2 ) and placed in a stereotaxic frame. A brain infusion kit 1 (Alzet, Cupertino, CA, USA) was implanted into the right lateral ventricle (1 mm posterior; 1.5 mm lateral; 3.5 mm depth) and connected to an osmotic pump (1007D, Alzet, Cupertino, CA, USA) containing (1) vehicle; (2) roscovitine (100 µM); or (3) SB202190 (a p38 MAPK inhibitor; 0.3 mg/mL). Each compound was infused over 7 days, since at least a 3-day infusion before SE induction shows the pharmacological effects of roscovitine on events induced by SE [17, 18] . In addition, 3-days after SE is the best time point to validate the effect of roscovitine on both microglia activation and monocyte infiltration [7] . In a pilot study and our previous studies [17] [18] [19] , each treatment did not show behavioral and neurological defects and could not change the seizure susceptibility and seizure severity in response to pilocarpine in normal animals. 
SE Induction
Three days after surgery, rats were treated with pilocarpine (380 mg/kg, i.p.) as previously described [17] [18] [19] . Atropine methylbromide (5 mg/kg, i.p.) was injected 20 min before a single dose of pilocarpine in order to avoid the peripheral muscarinic effect. To terminate SE, diazepam (Valium; Hoffman la Roche, Neuilly sur-Seine, France; 10 mg/kg, i.p.) was administered 2 h after onset of SE and repeated as needed. As controls, age-matched normal rats were treated with saline instead of pilocarpine.
Tissue Processing and Immunohistochemistry
Under urethane anesthesia (1.5 g/kg, i.p.), animals were perfused via a cannula into the left ventricle of the heart with 0.9% saline, followed by 4% paraformaldehyde in a 0.1 M phosphate buffer (PB, pH 7.4). After perfusion, the brains were removed and post-fixed in the same fixative overnight, subsequently cryoprotection with 30% sucrose/0.1M PBS. Brain coronal sections of 30 µm were obtained with a cryo-microtome. Free-floating sections were washed 3 times in PBS (0.1M, pH 7.3). Next, to deactivate the endogenous peroxidase, sections were incubated in 3% H 2 O 2 and 10% methanol in PBS (0.1M) for 20min at room temperature. Later, sections were incubated in primary antibody (Table 1) . Tissue sections were developed in 3,3 -diaminobenzidine in 0.1 M Tris buffer and mounted on gelatin-coated slides. Some sections were incubated with a cocktail solution containing the primary antibodies or isolectin B4 (IB4, Table 1) in PBS containing 0.3% Triton X-100 overnight at room temperature. Thereafter, sections were visualized with appropriate Cy2-and Cy3-conjugated secondary antibodies. Immunoreaction was observed using an Axio Scope microscope (Carl Zeiss Korea, Seoul, Korea). To establish the specificity of the immunostaining, a negative control test was carried out with preimmune serum instead of the primary antibody. No immunoreactivity was observed for the negative control in any structures (data not shown). All experimental procedures in this study were performed under the same conditions and in parallel. The number of cells was measured, as previously described [7] . Briefly, sections (10 sections per each animal) were captured using an AxioImage M2 microscope, and areas of interest (1 × 10 4 µm 2 ) were selected from the FPC. Thereafter, ionizing calcium-binding adaptor molecule 1 (Iba-1) positive area was measured by using AxioVision Rel. 4.8 software. Cells were also counted on 20× images using AxioVision Rel. 4.8 Software. Cell counts were performed by two different investigators who were blind to the classification of tissues.
Data Analysis
All data obtained from the quantitative measurements were analyzed using Student t-test and one-way ANOVA to determine statistical significance. Bonferroni's test was used for post hoc comparisons. A p-value below 0.05 was considered statistically significant.
Results
The Effects of Roscovitine on Microglia Activation and Monocyte Infiltration Following SE
In control animals, Iba-1 microglia showed a slender ramified and stellate appearance indicative of resting cells in the FPC ( Figure 1A ). However, CD68 cells were rarely observed in this region ( Figure 1A ). Following SE, Iba-1 microglia showed hypertrophic morphologies with irregularly shaped soma and blunted processes that were covered by many thorny spines ( Figure 1A) . These indicate the activated states of microglia [20] . Thus, the Iba-1 positive area was increased, as compared to control animals (p < 0.05, one-way ANOVA, n = 7, respectively; Figure 1B ). In addition, CD68 cells showing amoeboid or round shapes with smooth cell surface ( Figure 1A ) which indicate phagocytic and cytotoxic activity [20] were detected in the FPC following SE. These CD68 cells were localized in perivascular brain parenchyma. A few CD68 cells exhibited hyper-ramified shapes ( Figure 1A ). Although roscovitine did not influence the Iba-1 microglia transformation ( Figure 1B) , it resulted in~38% reductions in the number of CD68 amoeboid/round cells without altering that of CD68 hyper-ramified cells in the FPC (p < 0.05 vs. vehicle, Student t-test, n = 7, respectively; Figure 1C) . Thus, the fraction of hyper-ramified cells in CD68 cells was higher than those in amoeboid or round cells in roscovitine-treated animals, as compared to vehicle-treated animals. Since CD68 and Iba-1 are commonly used markers for peripheral monocytes/activated microglia and resident microglia/activated microglia, respectively [7, 21] , these findings suggest that roscovitine may mitigate monocyte infiltration into the brain parenchyma, but not morphogenesis of activated microglia, independent of vasogenic edema formation following SE. 
The Effect of Roscovitine on Microglial MCP-1 Induction After SE
MCP-1 is required for efficient monocytes recruitment into brain parenchyma [11] . Indeed, the up-regulation of MCP-1 in activated microglia induces monocyte infiltration following SE [7] . Therefore, we performed the double immunofluorescent study for MCP-1 and IB4 (a lectin marker for microglia) instead of Iba-1 to evaluate the effect of roscovitine on this chemokine following SE. MCP-1 expression was increased in activated IB4 microglia following SE, while it was rarely detected under physiological condition ( Figure 2A ). CD68 cells showed CCR2 (receptor for MCP-1) expression ( Figure 2B ). Roscovitine effectively diminished MCP-1 expression in IB4 microglia, thus the fraction of MCP-1 positive cells in IB4 microglia was reduced to 48%, as compared to vehicle (p < 0.05 vs. vehicle, Student t-test, n = 7, respectively; Figure 2A ,C). However, CCR2 expression in CD68 cells was unaffected by roscovitine ( Figure 2B ,C). These findings indicate that roscovitine may ameliorate blood-derived monocyte infiltration via inhibiting MCP-1 induction in activated microglia following SE. 
MCP-1 is required for efficient monocytes recruitment into brain parenchyma [11] . Indeed, the up-regulation of MCP-1 in activated microglia induces monocyte infiltration following SE [7] . Therefore, we performed the double immunofluorescent study for MCP-1 and IB4 (a lectin marker for microglia) instead of Iba-1 to evaluate the effect of roscovitine on this chemokine following SE. MCP-1 expression was increased in activated IB4 microglia following SE, while it was rarely detected under physiological condition (Figure 2A ). CD68 cells showed CCR2 (receptor for MCP-1) expression ( Figure 2B ). Roscovitine effectively diminished MCP-1 expression in IB4 microglia, thus the fraction of MCP-1 positive cells in IB4 microglia was reduced to 48%, as compared to vehicle (p < 0.05 vs. vehicle, Student t-test, n = 7, respectively; Figure 2A ,C). However, CCR2 expression in CD68 cells was unaffected by roscovitine ( Figure 2B ,C). These findings indicate that roscovitine may ameliorate blood-derived monocyte infiltration via inhibiting MCP-1 induction in activated microglia following SE. 
The Effects of Roscovitine on Phagocytosis of Activated Microglia and Monocytes Following SE
Next, we investigated whether roscovitine influences the phagocytic abilities of activated microglia and blood-derived monocytes following SE. Compared to control animals, lysosomeassociated membrane protein 1 (LAMP1, a marker for activation of phagocytosis) [22] expression was significantly increased in activated IB4 ramified microglia and CD68 amoeboid cells ( Figure   Figure 2 . The effect of roscovitine on MCP-1 induction after SE. Three days after SE, MCP-1 expression is increased in resident IB4 microglia in vehicle-treated animals, while it is rarely detected under physiological condition. CD68 cells show CCR2 (receptor for MCP-1) expression. Following SE, roscovitine diminishes MCP-1 expression in IB4 microglia. However, CCR2 expression in CD68 cells is unaffected by roscovitine. (A,B) Representative images for MCP-1 and CCR2 expression in IB4 microglia and CD68 cells, respectively. (C) Quantification of the effect of roscovitine on MCP-1 and CCR2 expression in IB4 microglia and CD68 cells following SE. Error bars indicate SEM (* p < 0.05 vs. vehicle-treated animals; n = 7, respectively).
Next, we investigated whether roscovitine influences the phagocytic abilities of activated microglia and blood-derived monocytes following SE. Compared to control animals, lysosome-associated membrane protein 1 (LAMP1, a marker for activation of phagocytosis) [22] expression was significantly increased in activated IB4 ramified microglia and CD68 amoeboid cells ( Figure 3A,B) . Thus, 58 and 76% of IB4-and CD68 cells showed LAMP1 expressions ( Figure 3C ). In particular, the up-regulation of LAMP1 expression was more predominant in CD68 cells than that of IB4 microglia ( Figure 3A,B) . Roscovitine alleviated the up-regulation of LAMP1 expression in IB4 ramified microglia following SE. Thus, the fraction of LAMP1 cells in IB4 cells was reduced to 16% (p < 0.05 vs. vehicle, Student t-test, n = 7, respectively; Figure 3A -C). However, roscovitine did not affect LAMP1 expression in CD68 amoeboid cells following SE. Therefore, our findings indicate that roscovitine may also inhibit activation and phagocytosis of activated resident microglia, but not blood-derived monocyte following SE. Figure 3C ). In particular, the up-regulation of LAMP1 expression was more predominant in CD68 cells than that of IB4 microglia ( Figure 3A,B) . Roscovitine alleviated the up-regulation of LAMP1 expression in IB4 ramified microglia following SE. Thus, the fraction of LAMP1 cells in IB4 cells was reduced to 16% (p < 0.05 vs. vehicle, Student t-test, n = 7, respectively; Figure 3A -C). However, roscovitine did not affect LAMP1 expression in CD68 amoeboid cells following SE. Therefore, our findings indicate that roscovitine may also inhibit activation and phagocytosis of activated resident microglia, but not blood-derived monocyte following SE. vehicle-treated animals; n = 7, respectively).
The Effects of Roscovitine on NFκB-S276 Phosphorylation in Microglia and Monocytes
p65 NFκB-S276 phosphorylation is important for MCP-1 production in macrophages, microglia activation and monocyte infiltration [23, 24] . To elucidate the underlying mechanism of roscovitine-induced inhibition of microglia activation and monocyte infiltration, we thus investigated the effect of roscovitine on NFκB-S276 phosphorylation. Following SE, NFκB-S276 phosphorylation was apparently increased in most of the activated IB4 microglia and CD68 cells, while it was rarely observed in control animals ( Figure 4A,B) . However, roscovitine did not affect p65 NFκB-S276 phosphorylation in activated IB4 microglia and CD68 cells (Figure 4A,C) . These findings indicate that roscovitine may attenuate microglia activation and monocyte infiltration independent of NFκB-S276 phosphorylation. 
p65 NFκB-S276 phosphorylation is important for MCP-1 production in macrophages, microglia activation and monocyte infiltration [23, 24] . To elucidate the underlying mechanism of roscovitine-induced inhibition of microglia activation and monocyte infiltration, we thus investigated the effect of roscovitine on NFκB-S276 phosphorylation. Following SE, NFκB-S276 phosphorylation was apparently increased in most of the activated IB4 microglia and CD68 cells, while it was rarely observed in control animals ( Figure 4A,B) . However, roscovitine did not affect p65 NFκB-S276 phosphorylation in activated IB4 microglia and CD68 cells ( Figure 4A,C) . These findings indicate that roscovitine may attenuate microglia activation and monocyte infiltration independent of NFκB-S276 phosphorylation. Representative images for NFκB-S276 phosphorylation in IB4 microglia and CD68 cells, respectively. (C) Quantification of the effect of roscovitine on NFκB-S276 phosphorylation in IB4 Figure 4 . The effect of roscovitine on NFκB-S276 phosphorylation in microglia and monocyte following SE. NFκB-S276 phosphorylation is apparently increased in most of resident IB4 microglia and CD68 cells following SE, while it is rarely observed in control animals. Roscovitine does not affect p65 NFκB-S276 phosphorylation in resident IB4 microglia and CD68 cells (A,B) Representative images for NFκB-S276 phosphorylation in IB4 microglia and CD68 cells, respectively. (C) Quantification of the effect of roscovitine on NFκB-S276 phosphorylation in IB4 microglia and CD68 cells following SE. Error bars indicate SEM (* p < 0.05 vs. vehicle-treated animals; n = 7, respectively).
The Effect of Roscovitine on p38 MAPK Activation in Activated Microglia and Monocytes
p38 MAPK is also involved in pro-inflammatory cytokine/chemokine production and monocyte infiltration into the brain and the resident microglia activation [25] . Since roscovitine significantly inhibited p38 MAPK activity in microglia [26] , it is likely that roscovitine may also ameliorate microglia activation and monocyte infiltration by inhibiting p38 MAPK signaling cascade. Following SE, p38 MAPK phosphorylation was increased in activated IB4 microglia, which was abrogated by roscovitine (p < 0.05 vs. vehicle, Student t-test, n = 7, respectively; Figure 5A ,C). CD68 amoeboid cells also showed the phospho-p38 MAPK signals. However, roscovitine did not affect p38 MAPK phosphorylation in these cells (Figure 5B,C) . These findings indicate that roscovitine may abolish p38 MAPK phosphorylation in activated IB4 microglia, but not in infiltrating monocytes, following SE. 
p38 MAPK is also involved in pro-inflammatory cytokine/chemokine production and monocyte infiltration into the brain and the resident microglia activation [25] . Since roscovitine significantly inhibited p38 MAPK activity in microglia [26] , it is likely that roscovitine may also ameliorate microglia activation and monocyte infiltration by inhibiting p38 MAPK signaling cascade. Following SE, p38 MAPK phosphorylation was increased in activated IB4 microglia, which was abrogated by roscovitine (p < 0.05 vs. vehicle, Student t-test, n = 7, respectively; Figure 5A ,C). CD68 amoeboid cells also showed the phospho-p38 MAPK signals. However, roscovitine did not affect p38 MAPK phosphorylation in these cells ( Figure 5B,C) . These findings indicate that roscovitine may abolish p38 MAPK phosphorylation in activated IB4 microglia, but not in infiltrating monocytes, following SE. 
The Effect of SB202190 on Microglia Activation and Monocyte Infiltration Following SE
To confirm the role of p38 MAPK in microglia activation and monocyte infiltration, we applied SB202190 prior to SE induction. As compared to the vehicle, SB202190 did not affect the Iba-1 microglia transformation ( Figure 6B ). However, it led to~32% reductions in the number of CD68 amoeboid cells without altering that of CD68 hyper-ramified cells in the FPC (p < 0.05 vs. vehicle, Student t-test, n = 7, respectively; Figure 6C ). Furthermore, SB202190 attenuated expressions of MCP-1 and LAMP1 in activated microglia in the FPC following SE (p < 0.05 vs. vehicle, Student t-test, n = 7, respectively; Figure 7A ,C). Therefore, our findings suggest that p38 MAPK in activated IB4 microglia, but not in infiltrating monocytes, may be one of the down-stream molecules for anti-neuroinflammatory activity of roscovitine, which would suppress phagocytosis and MCP-1 synthesis, regardless of the morphogenesis of activated microglia.
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following SE. p38 MAPK phosphorylation is increased in resident IB4 microglia following SE, which is abrogated by roscovitine. CD68 amoeboid cells also show the up-regulated p38 MAPK phosphorylation, while roscovitine does not affect it. (A,B) Representative images for p38 MAPK phosphorylation in IB4 microglia and CD68 cells, respectively. (C) Quantification of the effect of roscovitine on p38 MAPK phosphorylation in IB4 microglia and CD68 cells following SE. Error bars indicate SEM (*p < 0.05 vs. vehicle-treated animals; n = 7, respectively).
The Effect of SB202190 on Microglia Activation and Monocyte Infiltration Following SE
To confirm the role of p38 MAPK in microglia activation and monocyte infiltration, we applied SB202190 prior to SE induction. As compared to the vehicle, SB202190 did not affect the Iba-1 microglia transformation ( Figure 6B ). However, it led to ~ 32% reductions in the number of CD68 amoeboid cells without altering that of CD68 hyper-ramified cells in the FPC (p < 0.05 vs. vehicle, Student t-test, n = 7, respectively; Figure 6C ). Furthermore, SB202190 attenuated expressions of MCP-1 and LAMP1 in activated microglia in the FPC following SE (p < 0.05 vs. vehicle, Student ttest, n = 7, respectively; Figure 7A,C) . Therefore, our findings suggest that p38 MAPK in activated IB4 microglia, but not in infiltrating monocytes, may be one of the down-stream molecules for antineuroinflammatory activity of roscovitine, which would suppress phagocytosis and MCP-1 synthesis, regardless of the morphogenesis of activated microglia. 
Discussion
The major findings in the present study are that roscovitine attenuated SE-induced microglia activation and monocyte infiltration in the FPC, accompanied by reducing p38 MAPK phosphorylation. Furthermore, SB202190, a p38 MAPK inhibitor, diminished MCP-1 and LMAP1 expressions in activated microglia and monocyte infiltration in this region following SE. Thus, our findings indicate that roscovitine may abolish SE-induced neuroinflammation via inhibition of p38 MAPK-mediated signaling pathway.
Infiltrating leukocytes are involved in cell injury by generation of reactive oxygen species, proteolytic enzymes and proinflammatory cytokines/chemokines [27, 28] . Therefore, inhibition of leukocyte infiltration may be one of the therapeutic strategies for preventing secondary complication in various neurological diseases. CD68 is a marker of blood-derived monocytes as well as fully activated microglia, which have the phagocytic ability [29] . Furthermore, IB4 and Iba-1 are also markers for resident quiescent, activated microglia and infiltrating monocytes [30] [31] [32] . Therefore, it is difficult to distinguish between activated microglia and infiltrating monocytes using 
Infiltrating leukocytes are involved in cell injury by generation of reactive oxygen species, proteolytic enzymes and proinflammatory cytokines/chemokines [27, 28] . Therefore, inhibition of leukocyte infiltration may be one of the therapeutic strategies for preventing secondary complication in various neurological diseases. CD68 is a marker of blood-derived monocytes as well as fully activated microglia, which have the phagocytic ability [29] . Furthermore, IB4 and Iba-1 are also markers for resident quiescent, activated microglia and infiltrating monocytes [30] [31] [32] . Therefore, it is difficult to distinguish between activated microglia and infiltrating monocytes using traditional microglia/macrophage markers. However, it has been widely considered that CD68 infiltrating monocyte shows a large, round morphology with a smooth cell surface. In contrast, activated resident microglia have the irregularly shaped soma and blunted processes, since resident quiescent microglia become activated quickly accompanying retraction of ramified thin, long processes and transformation into amoeboid cells [33] . In the present study, Iba-1 or IB4 microglia showed hypertrophic morphologies with irregularly shaped soma and blunted processes that were covered by a lot of thorny spine following SE. In contrast, CD68 cells showing amoeboid or round shapes with smooth cell surface appeared in perivascular brain parenchyma in post-SE animals. As described above, it is likely that CD68 amoeboid/round cells may be blood-derived monocytes, while Iba-1 or IB4 hypertrophic cells with blunted processes and CD68 hyper-ramified cells may be activated resident microglia. Interestingly, the present data demonstrate that roscovitine abrogated MCP-1 induction in activated IB4 microglia without affecting microglia transformation following SE. These findings indicate that roscovitine may inhibit MCP-1 synthesis in activated microglia, while it did not affect morphogenesis of activated microglia. Furthermore, roscovitine decreased the number of CD68 infiltrating monocytes in the brain parenchyma without changing CCR2 expression in CD68 cells following SE. Therefore, our findings suggest that roscovitine may abrogate SE-induced monocyte infiltration mediated by MCP-1 released from activated microglia.
In the present study, roscovitine also ameliorated LAMP1 expression in activated IB4 microglia without affecting microglia transformation following SE. Since phagocytic ability in microglia correlates with protein levels of LAMP1 [34, 35] , these findings indicate that roscovitine may inhibit phagocytosis in activated microglia, while it could not influence LAMP1 expressions in CD68 cells following SE. Thus, our findings suggest that roscovitine may inhibit phagocytic ability of activated microglia, but not that of monocytes, and that roscovitine may influence the activity of resident microglia rather than blood-derived monocytes.
p65-Ser276 NFκB phosphorylation enhances its transactivation potential and interaction with cAMP response element-binding (CREB)-binding protein, which is important for the microglia activation [36, 37] . In addition, p65-Ser276 NFκB phosphorylation modulates TNF-α expression and MCP-1 in macrophages [23] . In the present study, SE led to the increased NFκB-S276 phosphorylation in most of the activated IB4 microglia and CD68 cells. However, roscovitine did not affect p65 NFκB-S276 phosphorylation in these cells. These findings are consistent with a previous study demonstrating that roscovitine does not affect the NF-κB activation cascade such as an inhibitor of κB (IκB) kinase activity, IκB-α degradation and p65 translocation [38] . Since inhibition of p65-Ser276 NFκB phosphorylation effectively attenuates microglia transformation to amoeboid shape induced by SE [24] , our findings indicate that the NFκB-mediated signaling pathway may regulate the morphogenesis of activated microglia rather than MCP-1 synthesis or phagocytosis of microglia.
Since CDK5 is one of the serine/threonine cyclin-dependent CDKs and roscovitine is a potential CDK5 inhibitor, the anti-inflammatory properties of roscovitine is relevant to the inhibition of microglia proliferation [14] . However, roscovitine also affects the activities of Cdc2, CDK2, CDK9 and protein kinase A [17, 38, 39] . Furthermore, CDK5 is the upstream regulator of phosphorylation of p38 MAPK in microglia [26] . In the present study, roscovitine decreased up-regulation of p38 MAPK phosphorylation in activated IB4 microglia without affecting microglia transformation following SE. Similar to roscovitine, SB201290 attenuated CD68 monocyte infiltration and the increases in MCP-1 and LAMP1 expressions in activated microglia without altering the morphogenesis of activated microglia. Since p38 MAPK inhibitor suppresses phagocytosis and MCP-1 synthesis in microglia [40, 41] , our findings indicate that roscovitine-induced inhibition of p38 MAPK activity may ameliorate MCP-1 synthesis and phagocytosis in activated microglia following SE. With respect to previous reports demonstrating anti-microglia-related neuroinflammatory effects of roscovitine in various harmful conditions, such as brain trauma, tissue graft and ischemia [13, 14, 42] , our findings propose that inhibition of the association between CDK5 and the p38 MAPK signaling pathway may present a potential therapeutic target for diminishing neuroinflammatory responses.
Conclusions
To the best of our knowledge, the present data demonstrate for the first time the effects of roscovitine on microglia activation and monocyte infiltration induced by SE. Briefly, roscovitine attenuated SE-induces monocyte infiltration without vasogenic edema formation in the FPC, accompanied by reducing expressions of MCP-1 and LAMP1, and p38 MAPK phosphorylation, but not nuclear factor-κB-S276 phosphorylation. SB202190 also ameliorated monocyte infiltration and microglial expressions of MCP-1 and LAMP1 in the FPC following SE. Therefore, we propose the availability of roscovitine for anti-neuroinflammatory substance to inhibit microglial responses and monocyte infiltration in various neurological diseases including seizures.
